Introduction
The interface magnetic anisotropy of Ta/CoFeB/MgO stacks have been extensively studied [1] [2] [3] [4] . Theoretically it is predicted that the orbital hybridization of Fe3d and O2p at Fe/MgO interface would be the origin of the perpendicular magnetic anisotropy (PMA) [5] . For this interface the effects of over-or under-oxidation on PMA were reported [6] [7] , however, the impact of seed/buffer layer, Ta in our case, has not been clarified in detail. In this study we investigate the effects of thermal process on the interface magnetic anisotropy of two interfaces: CoFeB/MgO and Ta/CoFeB.
Experimental
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Results and Discussions
First we investigated the thermal robustness of CoFeB/MgO interface. The anneal temperature (T A ) dependence of Fe-oxide/Fe intensity ratio in Fe2p 3/2 core-level spectrum is shown in Fig. 1 , for the case of N 2 annealing. The ratio of Fe-oxide becomes less for the higher T A , which indicates that CoFeB surface is reduced by annealing, and the intermixing of CoFeB/MgO interface does not proceed. Since the excess oxidation of CoFeB is expected to have an adverse effect on magnetic anisotropy energy (K interface ), the reduction of CoFeB surface would be beneficial for PMA formation. Actually, as shown in Fig. 1 , the ratio of Fe-oxide was much higher for the O 2 annealed stack than N 2 annealed one at 250°C, and the perpendicular saturation magnetic field (H sat ) was larger, as shown in the inset.
Next we investigated the behavior of Ta by N 2 annealing. Fig. 2 (a) and (b) show the Ta 4f core-level spectra for the stacks annealed at 250°C and 400 o C, respectively, in N 2 ambient. The spectra were deconvoluted into three components: metallic (lower binding energy (BE)), alloyed (middle BE), and oxidized Ta (higher BE) as shown in the figures. The intensity of metallic one is dominant but the contribution of alloyed one is also considerable, which suggests that intermixing of Ta and CoFeB occurs easily. For T A = 250 o C, the intensity of oxidized-Ta component is quite little, therefore the amount of diffused Ta into MgO is negligibly small. On the other hand for T A = 400 o C it is clearly seen that both alloyed and oxidized-Ta components increase. Especially, the growth of the oxidized-Ta indicates the Ta migration into MgO.
The relationship between H sat under perpendicular magnetic field and T A is shown in Fig. 3 , together with the peak area of Ta4f core-level spectrum normalized by that of Co2p 3/2 for each T A . H sat decreases until 250°C and then increases when T A rises. Thus it is inferred that K interface maximizes at 250 o C. This result is coincident with the previous report on a similar stack [3] . On the other hand Ta4f intensity is almost the same for T A < 250°C, but suddenly increases for T A > 300°C. This indicates that the onset of significant diffusion of Ta is around 300°C. By taking account that decrease of K interface and diffusion of Ta occurs simultaneously, it is considered that the origin of PMA deterioration above c e s a n d M a t e r i a l s , K y o t o , 2 0 1 2 , p p 1 1 9 9 -1 2 0 0 which are coincident with the XPS results. Note that the most critical difference between T A = 250°C and 300°C is not the increased intermixing at Ta/CoFeB interface, but the invasion of Ta into CoFeB/MgO interface, which is seen only for T A = 300°C. Since the deterioration of PMA was observed above 300 o C, it is reasonable to consider that Ta diffusion to CoFeB/MgO interface, as schematically described in Fig. 5 , should be the origin of the PMA deterioration at 300 o C. The invaded Ta might disturb the orbital hybridization between ferromagnetic metal and oxygen, and/or atomic alignment at the interface. Note that K interface is given by the sum of two components: K Ta/CoFeB for Ta/CoFeB interface, and K CoFeB/MgO for CoFeB/MgO interface. Our results indicate that Ta diffusion does not decrease K Ta/CoFeB , but severely reduces K CoFeB/MgO .
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Conclusions
At CoFeB/MgO interface the surface reduction of CoFeB which positively contributes to PMA formation occurs by N 2 annealing. The PMA deterioration for T A > 300°C is attributable to Ta diffusion. Since Ta invasion into CoFeB/MgO interface occurs > 300 o C, it is suggested that Ta diffusion does not decrease K interface of Ta/CoFeB, but severely reduces that of CoFeB/MgO interface. 
